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Abstract

Background: The concurrent use of tramadol and khat has been increasing in Ethiopia, raising concerns about their potential neurocognitive
consequences. Despite growing trend, the effects of combined tramadol and khat exposure on learning and memory (LM) have not been
previously investigated. Accordingly, the present study was designed to evaluate the impact of co-administration of khat and tramadol on
spatial learning and memory in a mouse model.

Materials and Methods: Mice were grouped in four treatments, i.e., control (2% Tween 80), khat (300 mg/kg), tramadol (20 mg/kg), and khat
and tramadol co-administered (300 mg/kg and 20 mg/kg, respectively). The Morris Water Maze (MWM) model was used to assess spatial LM.
The data were analyzed, and a p-value <0.05 was considered statistically significant.

Results: In the acquisition phase, all groups improved in the ability to detect the hidden platform that training days had a significant effect, [F
(3,26) =3.256, p<0.05]. Compared to the controls, the tramadol-treated group showed significantly longer escape latencies on Day 1 (p<0.05).
Based on short-term memory (STM) tests, all treatment groups spent less time in the target quadrant (NW) than the control group (p<0.001).
In long-term memory (LTM), the control group spent significantly more time in the NW quadrant (42.6+3.8 s) compared with the khat (27.4+4.2
s), tramadol (25.7+3.9 s), and combination groups (18.1+3.1 s) (p<0.001). The khat-treated group showed a significant difference compared to
the combined khat- and tramadol-treated group (p<0.01).

Conclusion: The present study assessed the acute effects of khat, tramadol, and their combination on mice spatial memory using the Morris
Water Maze. Tramadol impaired initial learning, and all treatments caused short- and long-term memory deficits, with the combination
producing the greatest long-term impairment, suggesting additive or synergistic effects on hippocampal-dependent memory.
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Introduction

The brain serves as the foundation for the mind, influencing
behavior, learning, memory, and various cognitive functions.
Learning is a continuous process that allows individuals
to acquire knowledge and modify behaviors based on
experiences [1]. Hence, learned experiences have the power

to change behavior and play a pivotal role in social interaction
[2]. Memory, crucial for retaining information, involves multiple
stages: acquisition, consolidation, storage, and retrieval [3,4].
Memory can be categorized into declarative (conscious,
event-related) and non-declarative (unconscious, procedural),
with differences made between short-term memory (STM)
and long-term memory (LTM) [1,5].
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Khat, or Catha edulis, is an evergreen shrub popular in Yemen
and East Africa, known for its psychoactive properties when
its young leaves are chewed [6]. The primary compound
responsible for its stimulant effects is cathinone, which
exhibits similarities to amphetamines [7]. Khat consumption
has become significant in Ethiopia, valued at approximately
$300 million, with a high prevalence among East African males
[8,9]. The sociocultural context surrounding khat usage often
intertwines with social gatherings, enhancing interactions
and recreational activities [10].

The Ethiopian Food and Drug Authority (EFDA) recently
classified tramadol as a narcotic substance, reiterating its
potential for mental and physical addiction if abused. The
EFDA reiterated the relevance of using tramadol under
medical supervision to minimize the hazards associated with
its abuse and to adhere to national drug rules [11].

Tramadol, a synthetic opioid analgesic, functions effectively
for moderate to severe pain [12]. It works by modulating
pain pathways and has demonstrated efficacy in managing
various pain conditions [13,14]. Its dual mechanism involves
opioid receptor agonists and the reuptake inhibition of
norepinephrine and serotonin [15,16]. Its use has risen
significantly in Ethiopia, raising serious public health concerns
because of its misuse and addiction potential [17].

The relationship between learning, memory, khat, and
tramadol is complex. Cathinone enhances catecholamine
release, affecting neurotransmitter levels crucial for cognitive
functions, including working memory [7]. Evidence suggests
that long-term khat use can impair cognitive abilities,
particularly in the prefrontal cortex, affecting memory
and cognitive flexibility [18]. Similarly, tramadol impacts
neurotransmitter systems, inhibiting NMDA and AMPA
receptors essential for memory formation, leading to potential
memory impairments through reduced neuroplasticity [19-
21].

Khat consumption is prevalent in Eastern Africa and the
Middle East, and it often enhances interaction during
gatherings [22]. However, it also causes cognitive deficits,
particularly among students and workers [23-25]. The
concomitant use of tramadol and khat raises serious concerns
regarding their potential additive effects on addiction and
cognitive health, underscoring the need to investigate the
neurocognitive consequences of their combined exposure.

Neuropharmacologically, khat and tramadol act via
overlapping monoaminergic pathways and thus may produce
interactive effects on cognition. The main psychoactive
ingredient of khat, cathinone, exerts amphetamine-like
actions by increasing synaptic dopamine and norepinephrine
through enhanced release and reuptake inhibition. These
catecholaminergic effects influence hippocampal plasticity,
attention, arousal, and memory encoding [23]. In contrast,

tramadol is a centrally acting analgesic that possesses a
dual mechanism of action: weak p-opioid receptor agonism
and inhibition of serotonin and norepinephrine reuptake.
By these mechanisms, tramadol may modulate GABAergic
inhibition, monoamine signaling, and glutamatergic
neurotransmission within memory-related brain regions,
including the hippocampus [12,26]. Because both substances
influence overlapping dopaminergic and noradrenergic
circuits, concurrent exposure may promote either synergistic
disruption of cognition due to excessive monoaminergic
stimulation or antagonistic effects resulting from opioid-
induced suppression of excitatory neurotransmission. These
interactions may consequently alter hippocampal LTP, spatial
learning, and memory consolidation. Despite the plausible
neurobiological interplay between khat and tramadol, their
combined effects on hippocampal-dependent cognitive
functions have not been previously examined in experimental
studies [7,27].

Although the two are commonly co-administered in various
East African contexts, particularly among young adults who
seek increased stimulation, their neurocognitive effects have
been studied only individually. Research on khat has indeed
documented deficits in working memory, cognitive flexibility,
and processes that rely on the hippocampus, particularly with
chronic use [7,18,28]. In contrast, tramadol administration has
been associated with disrupted learning and memory due
to modulation of NMDA/AMPA receptors, monoaminergic
imbalance, and neurotoxicity in the hippocampus [12,26].
Despite the growing body of evidence on the independent
neurocognitive effects of each drug, no prior investigation
has determined whether their co-administration produces
additive, synergistic, or distinct impairments in spatial
learning and memory. It remains an important scientific and
clinical necessity to fill the described research gap in light
of an increasing number of cases of dual use of khat and
tramadol and potential neurotoxic consequences in Ethiopia.
Accordingly, the study was the first to examine the acute
combined effects of khat and tramadol on spatial learning
and memory using the Morris Water Maze, thereby providing
novel evidence relevant to emerging public health concern.

Thus, the study aimed to evaluate the acute effects of
khat and tramadol on spatial learning and memory in mice
following single-dose administration using the Morris Water
Maze (MWM) task.

Materials and Methods
Drugs and chemicals

Polysorbate 80 (Uni-Chem, India), Tramadol Hydrochloride
(Loba Chemie Pvt. Ltd.), Chloroform (AR, Reagent Chemical
Services Ltd.), Diethyl Ether (AR, Reagent Chemical Services
Ltd., Cheshire, UK), and Distilled Water.
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Plant material collection

The fresh bundles of khat shoots and small twigs were
purchased from a local market in Awaday, located 515 km east
of Addis Ababa, Ethiopia. The bundles were carefully cleaned
and packed in plastic bags before being transported in ice
boxes to the laboratory of the Department of Pharmacology
and Clinical Pharmacy at the School of Pharmacy, Addis Ababa
University, in Addis Ababa, Ethiopia. The freshly harvested
leaves were promptly placed in a refrigerator set at -20°C
(Bionics Scientific, India) for storage.

Extraction of crude khat

The extraction procedure was conducted following the
methods described in previous studies [29-31]. The freshly
harvested leaves were finely chopped using a knife in a dark
environment. The chopped leaves were weighed using an
electronic digital balance (Mettler Toledo scales and balances,
Switzerland). The weighed leaves were then placed in an
Erlenmeyer flask sourced (Thermo Fisher Scientific, Pittsburgh,
U.S.A)). The flask contained a mixture of organic solvents,
specifically 150 ml of chloroform and 450 ml of diethyl ether,
in a ratio of 1:3 v/v. Sufficient solvent was added to completely
cover the crushed plant material in the flask. The flask was
wrapped with aluminum foil (Silver Plate Factory L.L.C., U.A.E.).
The contents of the flask were stirred continuously for 72
hours using a rotary shaker [New Brunswick Scientific Co.
(USA)] at a speed of 120 rpm and a g-force of 0.13 (r = 0.8 cm).
Following the stirring process, the mixture was filtered using
Whatman No. 1 filter paper (Whatman Ltd, England) with a
diameter of 90 mm. The resulting filtrate was concentrated
for 24 hours in a fume bonnet (Guangdong Beta Laboratory
Furniture Company Ltd., China). Finally, the extract was stored
in a tight-sealed container at a temperature of -20°C until it
was ready for use.

Experimental animals

The study utilized Sprague Dawley mice of either sex with
a weight range of 20-30 g and an age range of 8-12 weeks.
The mice were obtained from the animal house of the
Department of Pharmacology and Clinical Pharmacy, School
of Pharmacy, Addis Ababa University. They were housed
in polypropylene cages with standard wood chip bedding
and kept under controlled conditions with an average room
temperature of 22°C (+ 3°C) and a 12/12 h light-dark cycle.
The mice were allowed access to food and water, Ad libitum.
All animal handling and experimental procedures adhered to
internationally accepted guidelines as specified by the OECD
in 2008 and 2022.

Preparation of tramadol

The preparation procedure was conducted following the

methods described in previous studies [26]. A fresh solution
of tramadol hydrochloride was prepared using sterile 0.9%
saline. The sample solution was prepared on the day of the
experiment and administered to the respective mice.

Grouping and dosing of animals

Mice were randomly assigned to four experimental groups,
with eight mice in each group. The first group received the
vehicle, which was a 2% (v/v) Polysorbate 80 solution in water
(CON). The second group was given 300 mg/kg of crude
khat extract (K300) [32]. The third group received 20 mg/kg
of tramadol hydrochloride (T20) [26], and the fourth group
received both K300 [33] and T20 [26]. The administration
of a single dose was done acutely, with tramadol being
administered intraperitoneally (IP) and khat extract and the
vehicle being administered orally (p.o.).

K300 sample solutions were prepared fresh, and the
containers were covered with aluminum foil to prevent light-
induced decomposition. The K300 was weighed and mixed
with the vehicle to achieve a predetermined concentration,
and continuous mixing was performed using a vortex shaker.
The final volumes were adjusted to a uniform 1 ml with the
vehicle, and oral gavage (Pet Surgical, USA) was employed
for oral administration. The oral route was chosen since khat
leaves are typically consumed orally by humans. Furthermore,
pharmacokinetic studies have shown that khat is readily
absorbed into the plasma from the stomach and mouth [34].

Morris Water Maze

The Morris Water Maze (MWM) model, which is widely
utilized to investigate LM behavior in rodents [35], was initially
developed by Richard Morris in 1981 [36] to evaluate spatial
or place-based learning. One advantage of the task is that
it can be learned quickly without the need for pre-training
or restriction of food and water access [35]. The underlying
concept of the task involves the animal learning to navigate to
a hidden platform using either nearby or distant cues, starting
from various random locations along the tank's perimeter [37].

The procedures outlined by Kimani and Nyongesa (2008)
was followed with slight modifications for the experiment.
A black, round polypropylene tank with a diameter of 150
c¢m and a depth of 50 cm was used as the Morris water maze
(MWM). The tank was filled with tap water to a height of 31 cm,
and an electric heater maintained the water temperature at
room temperature (25°C+1°C) throughout the experimental
period. An escape platform made of sturdy concrete cement,
measuring 10 cm in diameter and 30 cm in height, was placed
in the tank. The surface of the platform was covered with black
plastic for camouflage, and it was submerged 1 cm below the
water's surface to prevent visibility by the animals.
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The tank was divided into four quadrants: Northwest (NW),
Northeast (NE), Southeast (SE), and Southwest (SW). The
boundaries of the quadrants were marked with tape on the
pool's edges, and the labels north (N), south (S), east (E),
and west (W) were assigned accordingly. Distal cues, such
as colorful posters, were placed on the walls of the pool and
room, remaining in the same position throughout the training
and testing period. These cues are hypothesized to assist
the animals in developing a spatial map for navigating to
the platform. All tests were conducted at approximately the
same time each day to minimize variations in performance
due to diurnal factors. Animal performance in the MWM was
recorded using an overhead video camera positioned above
the water maze.

Habituation phase

Habituation was conducted immediately after administration
in the acute dose study. Its purpose is to limit the stress
associated with water exposure and teach the mice to remain
on the platform. The phase was carried out in a room devoid
of any external stimuli. After the mice are familiarized with
the maze, they are allowed to swim in the pool for 60 seconds
and are guided to the platform if they do not find it on their
own. Once they discover the platform, they must remain
on it for at least 3 seconds. The step was repeated until the
mouse remained on the platform for 30 seconds and was not
considered part of the spatial learning phase. Additionally, the
mice were brought to the examination room one hour before
the test each day. Each mouse was placed in the water by the
tail, immediately opposite the boundary at one of the starting
points (N, S, E, and W).

Acquisition phase

Spatial acquisition sessions took place in a room equipped
with proximal and distal cues on the walls of the room and
pool. The experiment commenced after 4 pm each day. The
mice underwent 16 training sessions, with each session
consisting of 4 trials conducted over 4 days. The objective of
these sessions was to locate a submerged platform positioned
atthe center of the NW quadrant (target) in the MWM tank.The
platform's location remained consistent throughout the 4-day
training period. On each trial, the mice were randomly placed
at one of the launch locations (N, S, W, and E). The order of the
starting locations varied randomly to ensure that consecutive
days did not repeat the same block of four trials/sessions in
the same order. Each mouse had 60 seconds to search for the
platform. Upon locating the platform, the mouse was allowed
to remain on it for 30 seconds. The primary goal of staying on
the platform was for the animal to orient itself to its spatial
position and remember the platform's location relative to the
surrounding cues. The escape latency, which is the time taken
by the mouse to travel from the start position to the escape
platform, was measured using a stopwatch. If an animal failed
to identify the platform within the allotted time, it was placed

on the platform for 30 seconds and assigned a latency of 60
seconds. After each trial, the mice were removed from the
water, dried using a towel and a rodent heater set at 36 to
38°C, and then returned to their home cages. The intertrial
interval (ITl) for each animal was 5 minutes.

Retention trials

The trial test for short-term memory (STM) was conducted on
the fifth day, 24 hours after the completion of the acquisition
recording. Each mouse underwent a 60-second probe trial
in which the escape platform was completely removed. The
mouse was moved from position S to the target quadrant
(NW) in the MWM tank, as done during the acquisition
phase. The amount of time spent in the target quadrant was
determined from the video recording and used as a measure
of spatial STM. Additionally, the time spent in the adjacent
quadrant (NE) was determined for comparison purposes. The
memory retention was represented by the time spent in the
target quadrant during the probe trial. The probe trial for long-
term memory (LTM) was conducted on day 12, after a gap of
7 days following the STM probe trial. The procedure followed
the same protocol as that used for the STM test.

Statistical analysis

The data were analyzed using the Statistical Package for
the Social Sciences (SPSS) software, version 26.0. A two-
way repeated measures analysis of variance (ANOVA) was
conducted to analyze performance during the acquisition
phase (learning phase). For the memory test, the paired-
samples t-test was used to assess quadrant preference in
MWM, while the one-way ANOVA followed by a post hoc
test (Tukey test) was utilized to evaluate differences in the
mean between the groups for latency in MWM. The analysis
was conducted at a 95% confidence interval, and p<0.05 was
considered statistically significant for all analyses.

Ethics approval statement

All procedures adhered to the guidelines outlined in the
Guide for the Care and Use of Laboratory Animals [38]. The
procedures received approval and ethical clearance (ERB/
SOP/624/16/2024) from the Department of Pharmacology
and Clinical Pharmacy at Addis Ababa University.

Results
Effect on learning

The results from the acquisition phase of the Morris Water
Maze (MWM) task are presented in Table 1, which shows the
mean latency to identify the hidden platform during the 4-day
training period. All groups demonstrated a mastery of the task,
as their mean time to locate the hidden platform decreased
across the 4-day training.
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Y position (a.u.)

Figure 1. Swim-path trajectories for the four experimental groups during the Morris Water Maze task. Each panel illustrates a typical
navigation pattern toward the hidden platform. The Control group shows organized, goal-directed swimming, whereas K300, T20, and
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Based on the findings, there was an improvement among the
treatment groups and the control group in learning the task, i.e.,
finding the hidden platform on each training day. A two-way
repeated measure ANOVA test on the performance measures
revealed a significant effect of days (F(3,26) = 3.256, p<0.05).
However, the treatment groups did not show a significant
effect, and the within-subjects effect showed no significant
interaction between treatment groups and days (Figure 1).

Post hoc Tukey's multiple comparison tests revealed that
there was no statistically significant difference between the
negative control group and the treated groups with khat,
tramadol, or the combination of khat and tramadol across the
four days of training in finding the hidden platform.

Regarding the performance of individual treatments, while

khat and the combination of khat and tramadol did not
produce any detectable difference, tramadol (p<0.05) resulted
in a significantly lower performance (higher escape latency)
compared to controls on Day 1. Additionally, a comparison
between the khat and tramadol groups revealed a significant
difference (p<0.05) on Day 1. A two-way repeated measure
ANOVA showed no significantly higher performance in mice
treated with khat, tramadol, and the combination of khat
and tramadol when compared to the negative control group
across the four training days (Table 1).

Effect on memory

The results from the probe trials for short-term memory
(STM) and long-term memory (LTM) in the Morris Water Maze
(MWM) task are presented in Tables 2 and 3, respectively.
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Table 1. Mean latency time to find hidden platform in the acquisition phase.

CON 18.43£3.75 17.71£3.10 17.84+3.24 15.18+4.12 17.29+£3.49
K300 19.28+3.31"® 26.18+5.87 24.68+4.82 12.62+2.20 20.69+3.49
T20 37.75+£5.72" 24.56+4.39 28.09+5.89 22.69+4.09 28.34+3.49
K300 &T20 24.90+4.97 28.40+4.61 28.40+3.39 24.15+4.75 26.46+3.49

One-way ANOVA and two-way repeated measures ANOVA were used in the statistical analysis, and all results are mean+SEM (n=8); CON:
vehicle (2% Tween 80); K300: khat 300 mg/kg; T20: Tramadol 20 mg/kg; K300 & T20: combination of khat 300 mg/kg and tramadol 20 mg/kg;

2 treatment group compared to the control group; ®: significant difference of khat compared with tramadol *: p<0.05.

Table 2. Performance of mice in short term memory test using Morris water maze at Day 5.

Groups Time at NW Time NE
CON 25.75+1.79 11.25£2.19
K300 13.25+2.64™ 11.50+1.89
T20 8.12+1.60™ 7.89%+1.12
K300 & T20 7.37£1.11™ 9.68+2.22

Paired sample T-test and One-way ANOVA were used in the statistical analysis, and all results are mean+SEM (n=8); CON: vehicle (2% Tween
80); K300: khat 300 mg/kg; T20: Tramadol 20 mg/kg; K300 & T20: combination of khat 300 mg/kg and tramadol 20 mg/kg; NW: Northwest
(target) quadrant; NE: Northeast (adjacent) quadrant ™": p<0.001.

Table 3. Performance of mice in long term memory test using Morris Water Maze in terms of Probe Trial in Mean Latency time (sec) at Day 12.

Groups Time at NW Time NE
CON 21.50+1.264 17.62+1.84
K300 11.87+1.74™ 10.37+2.57
T20 7.25+2.18™ 5.75+£2.05
K300 & T20 4.00+0.32"™ 6.25+£1.25

Paired sample T-test and One-way ANOVA were used in the statistical analysis, and all results are mean+SEM (n=8); CON: vehicle (2% Tween
80); K300: khat 300 mg/kg; T20: Tramadol 20 mg/kg; K300 & T20: combination of khat 300 mg/kg and tramadol 20 mg/kg; NW: Northwest

(target) quadrant; NE: Northeast (adjacent) quadrant ™" p<0.001.

For the STM test, which was conducted on the 5th day,
a paired sample t-test revealed a statistically significant
difference (t=2.035, p =0.050) in the time spent by the micein
the target quadrant (NW) compared to the adjacent quadrant
(NE). Mice from all treatment groups spent more time in the
target quadrant (NW) than in the adjacent quadrant (NE).
Additionally, one-way ANOVA analysis indicated that the
mice treated with the vehicle spent significantly more time
(p<0.001) in the target quadrant compared to the mice treated
with khat, tramadol, and their combination. Moreover, there
was no statistically significant difference in time spent on the
target quadrant between the respective treatment groups
relative to each other.

In contrast, for the LTM test, the paired sample t-test revealed
a non-significant difference in the time spent by the mice in
the target quadrant versus the adjacent quadrant across all

groups. However, the between-group comparison showed
apparent differences among the different treatment groups.
The one-way ANOVA analysis revealed that the mice treated
with the vehicle spent significantly more time in the target
quadrant compared to the mice treated with khat (p<0.001),
tramadol (p<0.001), and their combination (p<0.001) during
the LTM study. In addition, in the LTM study, a significance
(p<0.01) in time spent in the NW quadrant was revealed
between mice treated with khat and mice treated with a
combination of khat and tramadol (Table 2).

Table 3 describes the performance of mice in the long-term
memory (LTM) test using the Morris Water Maze, with data
expressed as mean latency (in seconds) for time spent in the
target quadrant (NW) and adjacent quadrant (NE). The control
group (CON)spentanaverageof21.50secondsinthe northwest
quadrant and 17.62 seconds in the northeast quadrant. Mice
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treated with khat (300 mg/kg) spent significantly less time in
the NW quadrant, averaging 11.87 seconds (p < 0.001), and
10.37 seconds in the NE quadrant. Those given tramadol (20
mg/kg) had considerably reduced latencies, averaging 7.25
seconds in the NW quadrant (p<0.001) and 5.75 seconds in
the NE quadrant. Mice administered both khat and tramadol
spent the least time in the NW quadrant, average 4.00
seconds (p<0.001), and 6.25 seconds in the NE quadrant.
Statistical analysis revealed that all treatment groups (K300,
T20, and K300 & T20) performed considerably worse in the
target quadrant than the control group, indicating that these
treatments may impair long-term memory.

Discussion

The impact of khat and the impact of tramadol separately on
spatial learning and memory have previously been thoroughly
evaluated by a few scholars [12,39-42]. These days, khat
chewers tend to use tramadol as an add-on boost to obtain
a potentiated stimulation, especially students of high school
and tertiary educational institutions and young adults in
Ethiopia. However, the combined effect of khat and tramadol
has never been the subject of study. Therefore, the goal of the
current study was to determine the combined effect of khat
and tramadol on spatial learning and memory.

In the present study, learning and memory were assessed
by the Morris Water Maze through acquisition and probe
trials, respectively. All groups showed a progressive reduction
in measured values over the four training days, reflecting
acquisition of learning. Khat alone and its combination with
tramadol did not have a significant effect on spatial learning.
The finding that khat did have a discernible effect on memory
is consistent with previous studies. Studies suggest that
there is a biological plausibility that chronic khat use may
induce memory deficits and impair cognitive flexibility. The
differential patterns of memory deficits observed may reflect
the differences in dose effect as well as time-dependent
impairment [43]. Moreover, recent evidence suggests that
prolonged khat use may impair neurobehavioral functions,
such as increased motor activity and decreased cognition,
especially learning and memory [28]. Furthermore, another
research study conducted using the Morris Water maze
on young rats to study the effect of khat on memory, AchE
enzyme activity, and body weight revealed that khat had an
impairing effect on memory [43]. Moreover, a recent study
conducted revealed that khat did not impair spatial learning.
No significant difference in escape latency was observed when
rats that received subacute khat extract were compared with
vehicle-treated controls. These findings suggest that subacute
administration of khat extract does not impair spatial learning
[44], consistent with the results of the present study.

On the other hand, unlike the present finding, other studies
suggested that khat has no effect on learning and memory. A

recent study on the effects of khat showed that crude, alkaloid,
and nonalkaloid fractions of khat had no impact on learning
and memory [45]. These data were further corroborated by
a study using the MTM test in mice, which found that acute
khat exposure did not enhance spatial learning and memory
compared with control groups [6].

Whereas tramadol had an apparent effect on spatial learning
on Day 1 compared to the other groups and continued to
improve with no significance in the following three days. The
finding indicated that learning occurred over the subsequent
days. Studies have found that tramadol has an effect on
learning and memory [12]. In addition, research conducted on
the effects of tramadol and codeine revealed that exposure
to tramadol can impair learning and memory [46]. Another
research study conducted on the effects of tramadol has
shown that it impairs memory when administered acutely
or chronically [26]. Single-dose administration of tramadol
showed more destructive effect on memory than multiple
doses of tramadol [26].

Moreover, the current study demonstrated that all treatment
groups exhibited statistically significant impairments in both
short-term and long-term memory compared to the control
groups. In the assessment of short-term memory, no significant
difference was observed in the time spent in the target
quadrant among the treatment groups. However, in the long-
term memory test, a significant difference was noted between
the khat-treated group and the group receiving both khat and
tramadol, suggesting a compounded effect. These findings are
consistent with those of Hosseini-Sharifabad et al. (2016), who
reported that both acute and chronic tramadol administration
impaired spatial memory in rats [26]. Similarly, Kimani et al.
(2016) found that khat extract significantly disrupted memory
function in rodents [43]. In contrast, Seifu and Engidawork
(2019) observed no significant cognitive impairment following
single or repeated doses of khat extract fractions, highlighting
potential variability in outcomes based on dosing regimen,
extract composition, and exposure duration [45].

Theinteraction effect of combined administration of tramadol
and khat was significant in the long- and short-term memory
compared to the control. Furthermore, the combined effect
had a significant difference compared to the effect of khat
on the LTM test but not to that of the tramadol alone. These
results could suggest the pronounced negative effects of khat
on long-term memory when it was combined with tramadol.
As there were no previous studies specifically investigating
the combined effects of khat and tramadol on spatial learning
and memory, it was difficult to directly compare our findings
with the current available literature. While individual studies
have documented the separate cognitive effects of khat or
tramadol, the lack of prior research on their co-administration
limits direct comparisons and highlights the novelty of our
study.
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Limitations of the study

The present study has certain limitations that warrant
acknowledgment. The work relied solely on behavioral
outcomes without accompanying histological, biochemical,
or molecular analyses such as assessments of hippocampal
BDNF expression, cholinergic markers, oxidative stress
indices, or neuronal integrity, which would strengthen
mechanistic interpretation of the observed deficits. These
pharmacotoxicologic and metabolic differences between
rodents and humans limit the direct extrapolation of the
exact dosages (khat: 300 mg/kg, tramadol: 20 mg/kg) and
acute effects observed in mice to the human context. The
findings suggest a potential risk in the human population,
especially considering the observed impairment in both STM
and LTM across all treatment groups compared with controls.
Future studies should incorporate neurochemical profiling,
oxidative stress biomarkers, and immunohistochemical
analyses of hippocampal and prefrontal regions, along with
chronic exposure models, to provide more comprehensive
mechanistic insight into khat-tramadol interactions.

Conclusion

The study examined the acute effects of khat, tramadol,
and their combination on spatial learning and memory in
mice using the Morris Water Maze. Tramadol impaired initial
learning on Day 1, and all treatments produced significant
short-and long-term memory deficits compared with controls,
with the combined exposure causing the greatest long-
term impairment. These results indicate potential additive or
synergistic disruptions to hippocampal-dependent memory,
warranting further research using chronic models and
neurobiological analyses.
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